Abstract This study evaluated a method to maintain the optimal image quality in clinical practice for image quality management in a picture archiving and communication system (PACS) that uses typical technology for digital medical images. This study conducted a survey of 25 hospitals in Seoul and metropolitan areas that had installed PACS to examine the reality of image quality management. Sixteen diagnostic monitors were used as calibration tools to compare and analyze the external illuminance uniformity and grayscale standard display function (GSDF) values at each frequency. According to the survey results, most of the hospitals did not have any particular rules or standardized methods for image quality control. In a PACS, the calibration frequency was examined within the allowable limits of error for each week and month. The calibration was not affected by the difference in brightness of the environment for reading an image. The GSDF measurement values were quite different from the standard values. In conclusion, to improve the image quality of the digital system, it is important to make good use of the system and maintain the image quality. Therefore, it is critical to capitalize on the method suggested in this study and maintain the optimal image quality to guarantee a high level of observer satisfaction.
Introduction
The advances in information and communication technology have allowed people to live in more comfortable circumstances. This trend has caused changes in medical care, education, finance, and other fields. Just as the case where the film camera has been replaced by the digital camera owing to its convenience and compatibility with computers, the medical field has experienced changes [1] . In previous film images, the spatial resolution and gray have analog values based on film exposure and processing. As a result, the dynamic range and optimal exposure range of film are limited by the maximum optical density allowed for the film. On the other hand, a digital image utilizes a discrete numerical matrix to express an image [2] . In a digital image, the contrast is expressed by the difference in numerical pixel value compared to that of other areas of the image. Digital images are used quite frequently because computer technology has been adopted for radiography systems in the field of imaging diagnosis. This has improved not only the quality of diagnosis but also the image quality because the image data are processed by a computer. In addition, the use of digital images enables function and quantitative analyses, which can increase the accuracy of diagnosis. This way, imaging diagnosis is being increasingly digital [3] . The typical example is the use of a picture archiving and communication system (PACS) that replaces the existing film. In PACS, the image is saved in digital form, rather than as film, before the doctors read the transmitted image. PACS has many advantages of convenience in keeping, transmitting, and reading a film along with the eco-friendly factor in that it is not necessary to develop film or dispose old film [4] . As shown in Fig. 1 , PACS is generally composed of an image acquisition system, database and image storage/archive device, display device, workstation and printer, and network and communication device [5] . Consequently, PACS has either been adopted or is being considered for adoption by many teaching hospitals in South Korea including the majority of university hospitals [6] .
Despite the many strong points, PACS has caused some problems, such as the reduced quality of reading and diagnosis with a PACS image, decreasing work efficiency, and an inability to exchange data between medical institutions due to the installation and use of equipment with low levels of technology or equipment that does not meet international standards. In addition, management of the image quality is the most important factor for improving the diagnosis efficiency [7] . When an existing film is used, management of the image quality is dependent on how the X-ray generator, film, screen, and film developer are managed. Therefore, a better image quality is maintained by making visible effects in improving the recognition and attitudes of equipment managers as well as in the management of a range of parameters on a regular basis. On the other hand, for image quality management in PACS, it is possible to adjust and apply the image in a variety of ways through an arithmetical transformation of discrete data. Innovative technological changes in saving, transmitting, and inquiring such an image have led to many corresponding requirements, such as support with the resources of the equipment and technical support. This has raised the importance of image quality management to maintain the reproducibility and consistency of the image. Unfortunately, the reality is that the image quality is not managed properly due to a lack of data and experience of clinical managers, even though image quality management in PACS requires considerable expertise and information technology. Against this background, this study evaluated a method to maintain the optimal image quality in clinical practice for image quality management in PACS that provides a typical medical image in digital form.
Materials and Method
The monitors were classified as those for clinical and reading purposes. In the case of monitor for clinical purposes, 25 hospitals in Seoul and metropolitan areas where PACS had been installed were surveyed from August 2010 to December 2010 to determine the reality of image quality management. In the case of the monitor for reading, 16 monitors were installed in the hospital that we worked for. The questionnaire survey was performed to determine whether radiation workers understood the importance of quality control before suggesting systematic and objective measures for quality control of PACS and whether the image quality was managed appropriately.
For clinical purpose monitor, the survey was conducted on 100 radiologists who had directly related work. The survey was carried out to check the status of monitor installation for each hospital after the monitor had been classified as either reading or clinical purposes. The survey was also conducted to determine the level of satisfaction depending on the brightness of the reading room and type of monitor. Furthermore, the survey was conducted to check the degree of fatigue from the monitor and the status of image quality management for each monitor currently used in each hospital. The survey items related to image quality management of the monitor included recognition of the monitor image quality control, learning path of monitor image quality control, cause of nonperformance of image quality control by size of the hospital, performance frequency of image quality control, and proper frequency of image quality control of the monitor. A calibration experiment was carried out for the reading purpose monitor.
The measurements were taken each week and month to determine if the calibration had changed. Eight sets of monitors with bright external illuminance and eight sets of monitors with dark external illuminance were calibrated on a weekly and monthly basis (for 2 months from May 19 to July 19) to determine the difference in monitor calibration depending on the changes in the environment for reading. In addition, tools and programs provided by the monitor manufacturer were used to conduct the calibration to meet the recommendations for a reading purpose monitor as much as possible. According to the recommendations by the monitor's manufacturer, it is acceptable if a quadrangle can be recognized from 5 to 95 or 9 to 5 % in the Society of Motion Picture and Television Engineers (SMPTE) pattern. The relationship between the lifetime and uniformity was examined using Medical Pro 2.01 software to measure the lifetime of each monitor. In the monitor sets with the maximum and minimum lifetime, uniformity was measured using the VeriLUM grayscale pod and VeriLUM 4.2.
Lastly, the grayscale standard display function (GSDF) was analyzed by the external illuminance. The external illuminance was classified as 7.24, 0.34, and 0.28 for analysis. The GSDF, which is the standard that regulates how an image is displayed visually on certain equipment, was measured because it relates an image to a given illuminance and provides an objective and quantitative system. First, the VeriLUM grayscale pod was placed at a point 40 cm (16 in.) away from the plane of the monitor in parallel with the monitor to measure the external illuminance (ambient light). To measure the GSDF input value, the GSDF test image level 17 was monitored on the screen of the PACS viewing program before measuring the luminance for each level and entering the digital driving level (DDL). The measurement values were recorded in each step after attaching a shield to shut off the external illuminance to the monitor and tool to the center of each level. To measure the GSDF output, the program was used to obtain the measured DDL in each step. Subsequently, the p value was mapped to the DDL to reconcile the device characteristic curve with the GSDF curve in the luminance range. For statistical analysis, a survey was conducted on the status of monitor installation by the hospital, the level of satisfaction depending on brightness of the reading room and type of monitor, the degree of fatigue by the monitor, and the image quality management for the monitors used in each hospital. Based on the survey results, frequency analysis and crosstab analysis were performed to compare the difference in the number of cases. In the calibration experiment for the reading purpose monitor, the mean of the measurement values was calculated from the frequency of calibration.
SPSS version 16.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. A paired t test was used to determine the difference in monitor calibration depending on the changes in the reading environment, whereas an ANOVA test was conducted for GSDF comparative analysis using the uniformity measurement value and illuminance of the monitor that depended on the difference in lifetime. A Duncan test was conducted as a post hoc analysis. A p value <0.05 was considered significant.
Results

Management of Monitor Image Quality
Before examining the management of the monitor image quality, a survey was conducted on the PACS image quality management in 25 hospitals that had used PACS to examine the installation status of the monitor for reading purposes and the monitor for clinical purposes. The examination of the status of reading purpose monitor installation showed that most of the 25 hospitals surveyed for this study had used a high-resolution monitor regardless of their size. Although 7.7 % used an LCD monitor as reading purpose monitor, it can be assumed that an LCD monitor was used for reading a color image in ultrasonography or endoscopy ( Table 1 ). The level of satisfaction with such a highresolution monitor was generally high in all hospitals surveyed. A survey was conducted on the satisfaction level depending on the brightness of the reading room. In the existing film system, the darker the room was, the higher the level of satisfaction level. On the other hand, when PACS was used, the satisfaction level was found to be affected only slightly by the brightness of the reading room ( Table 2 ). The status of the installation of the clinical purpose monitor did not show any difference according to the size of the hospital. A flat CRT monitor was used the most by 52.0 % of hospitals followed in order by a general CRT monitor (28 %) and LCD monitor (20 %, Table 3 ). This study targeted radiologists to determine the level of satisfaction with the monitor they were using. The overall satisfaction level was 44 % regardless of the type of monitor, but there was a large difference in satisfaction depending on the type of monitor. With respect to the general CRT monitor, the installation rate was 28 % with a dissatisfaction level of 42 %, which shows a low installation rate but high dissatisfaction level. On the contrary, with regard to the LCD monitor, the installation rate was low, but the satisfaction level was high (60 %, Table 4 ). The degree of fatigue was similar regardless of the monitor used. Overall, the respondents in 60 % of the hospitals surveyed for this study felt some degree of fatigue. As the degree of fatigue is believed to be related to the image quality of the monitor, this study focused on the management of image quality. The awareness of management of the monitor image quality in clinical practice was examined. Most of the respondents (76 %) reported an awareness but 24 % answered that they were "unfamiliar" with the management. These results show that an awareness of the need to manage the monitor image quality is still insufficient (Table 5) .
This study examined how the respondents, who were aware of the management, became aware of information on the management of monitor image quality. According to the survey results, 48 % of respondents said that they became interested in image quality management as they felt the need themselves. The remainder said that they become interested in the management by using a product or reading a book. On the other hand, there is still insufficient information on management of image quality in the symposium or mass media (Table 6 ). An investigation of whether the image quality of the monitor is managed properly among hospitals showed that only 48 % of 25 hospitals surveyed had managed the image quality while the remaining 52 % had not.
First, the reasons for the nonmanagement of the image quality among the hospitals were examined. Although no difference was shown according to the size of the hospital, 23.1 % of respondents from general hospitals and university hospitals said that they did not see the necessity of image quality management, which demonstrated that they had insufficient awareness of image quality management. Notwithstanding the awareness of the need to manage the image quality, the hospitals could not manage the image quality because of the method or conditions (Table 7) .
Next, a survey was conducted on the hospitals that had managed image quality based on the image quality management frequency. More respondents said that image quality was managed "frequently" than on a regular basis. In addition, 16 % answered that management on a regular basis meant management once a month. The level of awareness of image quality management of a monitor was low, while the image quality management was insufficient ( Table 8) .
The proper frequency of image quality management that had been considered by many in general was investigated based on the results of the survey mentioned above. According to the investigation, many answered that once per month was the appropriate frequency for managing the image quality of reading purpose and clinical purpose monitors. On the other hand, a considerable number of the Interaction effect using frequency analysis model and crosstabs model. Unit is the number of case/percent Interaction effect using frequency analysis model and crosstabs model. Unit is the number of cases and percentage respondents answered "others," which demonstrated that the respondents had insufficient awareness of regular image quality management (Table 9 ).
Calibration Experiment for Reading Purpose Monitor
When the calibration frequency was weekly, the values of the white, black, and quality level, which were displayed on a monitor, were included in the set standards, whereas the SMPTE was also included in the range (Table 10 ). When the frequency was monthly, the values of white, black, and quality levels, which were displayed on the monitor, were included in the set standards, whereas the SMPTE was also included in the range (Table 11) . Regarding the monitor calibration difference depending on the changes in the environment for reading, the white, black, and quality levels, which were displayed on the monitor, in both the bright and dark environment were included in the set standards, whereas the SMPTE was also included in the range. The difference between the two environments was not significant (p> 0.05, Table 12 ). According to the measurement values of uniformity of the monitor depending on the difference in lifetime, the uniformity was found to be better when the lifetime was a minimum than a maximum (Table 13 , p<0.05).
In comparative analysis of the GSDF, measurements in the bright environment with high external illuminance (ambient light) and the dark environment with low external illuminance (ambient light) were conducted before comparing the measurements. The comparison showed no significant difference (p<0.05). Furthermore, in the GSDF measurement experiment, the ambient light value and DDL value were measured to determine the difference between the measurement value and standard value before entering them into the program. The results revealed a significant difference between the standard and measurement values for all illuminance values (Figs. 2, 3, and 4 ).
Discussion
The recent trend is that hospitals in South Korea are being increasingly provided with an environment for digital radiography. CT and MR have enabled digital imaging for a long time, and have no problems being applied to digital radiography.
In general, digital signal obtained from digital radiography can be measured, specialized, and transmitted to be reproduced in an objective and accurate manner. Nevertheless, visual analysis of such signal tends to be dependent on the changing characteristics of the system that displays an image of the signal. Recently, there was a case where the images generated from the same signal provided information and characteristics in a completely different visual shape and in different display equipment [8] .
In the field of medical imaging, it is important to consider how a given digital image is displayed. For example, it is important to ensure visual consistency between the viewing image on a workstation monitor and viewing it on films in a view box. Without any standards that regulate how such images are displayed visually, a digital image, which has a good diagnostic value when displayed on one piece of equipment, might be viewed differently or could have significantly lower diagnostic value when displayed on other viewing programs [9] . To display an image as objectively as These results demonstrated that relevant materials had not been provided through the symposium, publication, or other mass media. Furthermore, in regard to the satisfaction level depending on the brightness for reading an image among various environmental factors, there was no difficulty in reading an image regardless of the brightness in the PACS system, which is unlike the system where the image could be read depending on the brightness of the view box when film was used. Although an awareness of the monitor's lifetime can be taken lightly, it is expected that effective management can be possible if such a monitor's lifetime is widely recognized and publicized as a part of quality control. With respect to monitor calibration, the GSDF provides details on the objective and quantitative system, where digital images are mapped to the luminance in a given range [10] . As a result, the most critical factor for quality control is to illustrate the relationship between the digital value and display luminance in higher visual consistency. Quality control is very important and requires careful management in a range of fields.
Conclusions
A survey on quality control among current medical institutions found that such medical institutions lacked quality control. Against this background, this experiment was conducted to suggest a more systematic and objective method. The monitor calibrated weekly had a lower error rate than that calibrated monthly, but the difference was within the range of allowable error. Therefore, it would be more efficient to calibrate monthly or quarterly. There was a significant difference in the satisfaction level of brightness when the survey was conducted on the satisfaction level depending on the environment for reading an image. Fewer errors were found in the monitor calibrated in the dark environment than in the bright environment, and the error rate was low in the monitor calibrated in a dark environment. On the other hand, the calibration values were similar to the values obtained in the bright environment, which demonstrated that the environment for reading an image does not have a significant effect on calibration.
The mean lifetime of the monitors was 4,232 h, which means that a monitor can be used 7.7 h per day (in the (±15 %), it is believed that a measurement on a regular basis would be beneficial to image quality management for a monitor.
In the GSDF measurement experiment, the ambient light and DDL values were measured to determine the difference between the measurement and standard values. These values were entered into the program, which showed a significant difference between the standard and measurement values. The causes of such a difference included the error in measuring the ambient light value and the error in measuring the DDL value. The ambient light value is basically measured at a point, 40 cm away from the center of the monitor. Despite the measurement with the distance kept constant, the value cannot be expressed in a single value because it is affected by factors, such as the location of external illuminance and the location of the artificial grayscale pod. This means that it is difficult to conduct a precise measurement. Similarly, it is important to select the correct location for measuring level 17 to obtain the DDL value. Hence, the measurement would be influenced significantly by the skill of the technician. Against this backdrop, this survey was conducted to examine the status of image quality management of a monitor. An awareness of the necessity to manage the image quality is important, but there is no standardized method. This paper suggests an effective method for managing the image quality of a monitor.
